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1 . A delay circuit comprising: 

a plurality of current min'or current sources, with each current mirror 
current source having an enable input, having an input for receiving an 
input signal and having a constant current output for providing a constant 
cun'ent responsive to the input signal; 

a plurality of current mirror current drains, with each current mirror 
current drain having an enable input, having an input for receiving the 
input signal, and having a constant drain output for providing a constant 
current responsive to the input signal; 

a programmable delay control circuit having a plurality of enable 
signals, each signal connected to a cun-ent mirror current source and 
current mirnDr cunrent drain such that the programmable delay control 
circuit selectively enables a pair of cun'ent min^or current source and drain; 

a fixed capacitor having a first plate and a second plate, the first 
plate of the capacitor connected to the constant current outputs of the 
plurality of current mirror current sources and to the constant drain outputs 
of the plurality of current drains, the second plate connected to a voltage 
reference, with each current mirror current sounse having a current path 
between a con-esponding enable signal of said programmable delay 
control circuit and the first plate of said capacitor and with, each current 
mirror current drain having a current path between the con^esponding 
enable signal of said programmable delay control circuit and the first plate 
of said capacitor; and 

an output stage having an input connected to the first plate of the 
capacitor and having an output for providing an output responsive to the 
voltage on the capacitor; 

wherein a delay on the rising edge of the input signal is adjustable 
by the programmable delay control circuit selectively enabling the enable 
signal of one or more of the plurality of cun^nt mirror cun'ent sources to 
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change an overall current source current provided by the plurality of 
cuirent mirror cuffent sources to the fifst plate of the capacitor, and 

wherein a delay on the fatting edge of the input signal is adjustable 
by the programmable delay control circuit selectively enabling the enable 
signal of one or more of the ptolity of current mirror cun^ent drains to 
change an overall cunrent drain current provided by the plurality of current 
min-or current drains to the first plate of the capacitor. 

2. The delay drcuil of ckim I wbetm tb& pxogramoiable 
delay contiol orcuii otmxpmits a digital ckcuiL 

B.Ibe dday drcdtof cZ«im2>Ktoeii} Uu^ digital dxcmt 
coQC^rises p^gmiUDabie memoEy drcuit 

4. Th& dday dicint of ddmt 3 'Wt^r&jxi the piogrmmaibie 
mtmory dxcmt comprises a piogramtnabLe read only 
memory. 

5. The delay cl»cuft of claim 4 wfesrem 
le^^ otily mezdoty compdse$ a BEPKOM. 

6. The ddlay cKCidt 0f daim 3 wfoemii^ 
mcmny drcoit corapdbc& a FLASH maimTy* 

7. A delay circuit csongiiisiii^ 

a^ mpm tc3Qsist0rba>;iaga cDntioI elmiexit far receive 
iog as laput sigoaU liavij:^ a cuneat patli witlt a 
Ssk eni c^imect^ to a voltage souice and a secoiid 
end; 

a s&oowi input ttassistor having a contiol elemext! for 
recemog the ioimt sLgaaL and having a cmtU patb 
with afirsi cod ^wlasecotwieiidcoaaectedto avoUa^ 
reference; 

a bias traxisistor having a cutreot paith with a fiist cid 

coim«cted to Wt voliage somce^ having second cod, 

and having 2 costxol dement^ whtfdn the second end 

is conrteoed to the coiiiiol elemeat and to the second 

end of the current palh of the jQxst zupul li^Lnsistt^r; 
a rcdsujr having afiist end connected to the second end 

of said fixst bias trnxsastor zad having a second ^od; 
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a second bias trandstor having a cuncm ijatb from the 
sectmd end o£saiiiT«isior to the voUa^ reference^ and 
having a contioi eknictit connccled to the second aid 
of said resistor and to the fir^ &nd of the curmi^path 
of said second irrpui transistor; 

a capsditor having a fiist plate and having a second plate 
coDXiocttd CO the voUagc rcfocenc^; 

an ou^ml stage having an input connected to the first plaie 

of cap^toT and having an output; 
' a programmable delay coattol dxcoit having a plurality of 
enable onlpnts; 

a pinrality. of oOQ3£tant^Citttent somcss^ eadi constant 
current soiaoc of the plurality of cocBtaut-cjuicnt 
scauccs having a ctirrem path between a cortesp onding 
enable omput oC said ptogranmiable d^y control 
cicodt and \ht &ESi pkte of said cBpaotor, and having 
a bias mpvit connected to the ccmtroi element of said 
gist bias transLStor such that the current fL<mxsgm the 
£xst bias transisior is piopoitionalely mhtored in (he 
cnrtent padi of each oon5tant^<aiireni somce of Uie 
pluiality of con^ant-current stMixces, te^oissivc; to the 
corzesponiding ^able oo^al and whemn a con^ant of 
praporlksinalily may chos^ iodEfpeotkntiy of the 
constant of proportionality of any other constant- 

; current souroe; and 

a plurality of conssarUKninent drains, ea<;b constant cur- 
rent dram- of the plniaiity of ct>n$tant-<^tfient drains 
having a conent path between the contsponding enable 
output of said projgpraimmuble delay control drcdt and 
the fiist plate of said capacitor, and having a bi&siipit 
connected to the conlrol eleuiient ol said second bias 
transistor such that the cairreoi flowing in the second 
bia^txani&tor lisi^pottionately miiKHied in the coimit 
path of eadti cau$tant-caa^t drain of dhc plurality of 
coB^ant-cajnent drains, responsive to the corrcgmd- 
iDg enable oufimit and wherein a constant of propor- 
tionality may be cho^ independenXly of the cosstant 
of propottlonalit]^ of any ctte constant-cnacnt drain. 

6, The delay ctrcnit of daim 7 wherein ^aid pEogramr 
mable delay control dicuii oomptis^ a digilal drcuii 

9. Th& d&ky dicnir of daim 8 wherein the digital 
compmcs programmable memory citcuiL 

10. The delay ciicak of claim 9 wherein &c programr- 
mable memory circuit comprises a programmable read only 
mtanoT}'. 

3X. Toe deky circoit of daim XO wherein the program- 
mable read only memory osmiiiists a EEFROM* 

IZ The delay circnii of claim 9 whemn tie prc^ram- 
mahle memory circuit comptises a PLASH menaory. 
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1 3. A delay circuit comprising: 

a plurality of current mint>r current elemente, with each current mirror 
current element having an enable input, having an input for receiving an input 
signal and having a constant current output for providing a constant current 
responsive to the input signal; 

a programmable delay control circuit having a plurality of enable signals, 
each enable signal connected to the plurality of current mirror current elements 
so as to selectively enable a current mirror current element of the plurality of 
current mirror current elements; 

a fixed capacitor having a first plate and a second plate, the first plate of 
the capacitor connected to the constant current outputs of the plurality of current 
mirror current elements, the se(x>nd plate conne<:^ed to a voltage reference, with 
each current mirror current element having a current patii between a 
corresponding enable signal of said programmable delay and control circuit and 
the first plate of said capacitor; and 

an output stage having an input connected to the first plate of the 
capacitor and having an output for providing an output responsive to the voltage 
on the capacitor; [,] 

wherein a delay on an active edge of the input signal is adjustable by the 
programmable delay control circuit selectively enabling the enable signal of one 
or more of the plurality of current min^or current elements to change an overall 
current provided by tfie plurality of cunnent mirror cun-ent elements to the first 
plate of the capacitor 
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14. Ibe delay drcmt of dtaiiB 13, wtiercin t2i6 active edge 
of tht mpiit is a dsiBg tdgft of die mput sigcai and the 
pkialiiy of cuireat minor cunciil elements arc a piaraiity of 
QXTTKOt niajTor ctment soiucesy and a dcky oo tli« nsing edge 
of ttic input sigaaJ i& ai^ustabk by Ihc pjo^gnuamabls delay 
coatrol cizcdt sdectivdy eo^biog the enabk dgnal of one 
or more of the plurality of ctimut mirror cmrcni: somx$ to 
dbaage an overall cancnt souxoe coaarent provided by Uie 
plroliity of current mixior cmrent sources to the Bzsx plate of 
the capacxio& 

15, Tho dcl^ drcutt of daim 13, wherein the active edge 
of the input sdgQal is a faEiog edgo cf the input siptal and 
the phiralit}^ <if current mircor curreoi elements arc a plu- 
taliiy of cuitent mirror ccircnt dlraitts, and a delay on the 
faOiog edge of the input dgnal is adjtaslabk by the program- 
mable delay control mcuit seiectiveiy end>ling the enable 
signal of one or more of the phiralit}* of current miiiot 
caorrent dcanis lo chaiig!& an overall cttrrcnl drain current 
provided by the plaraliiy of curcent minor current dcaias to 
the &tst plate of the capacttct. 
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16. A delay circuit comp rising: 

a current-mirror currerit source having an enable tnout. an input for 
receiving an input signal, and a constant-current output for providing a constant 
igurrent resp onsive to the input signal: 

a current-mirror cu rrent drain having an enable input, an input for receiving 

IhfcjniMJSiaiiaijaDd^^ output for providing a constant current 

res ponsive to the input signal: 

a programmable delay-control circuit operable to generate an enable 
signal on an enable output that is coupled to the current-mirror current source 
and the cun-ent-mirror cur rent drain such that the programmable delay-control 
drcurt selectivel y enables the current-mirror current source and the current-minror 
CMrrgpt clraln; 

a fiyed capacitor having a first plate and a second plate, the first plate of 
the ca pacitor connected to the constant current output of the current-mirror 
current source and to the constant drain output of the current drain, the second 
plate connected to a voltage reference, the current-mirror current source having 
a current path between the enable output and the first plate of said capacitor and 
the cun^ent-mirror current drain having a current path between the enable output 
and the first plate of said capacitor: and 

an output stage having an input connected to the first p late of the 
capacitor and having an outp ut for providin g an output signal responsive to the 

vpftage, on the .ff^pagitor: 

wherein a d^lay on the rising edge.of the input signal is attjustable by the 

programmable delay-control circuit selectively enabling the enable signal to 
change an overall current source current provided to the first plate of the 

Capacitor., .an(< 

wherein a ilelay on the tailing edge of t h e in pu t sig na l is ad justat?le by the 
programmable delay-oontrol cirQuit sele c tively e na b llngthe .e n able signal to 
change an overall cu r re nt drain current provided to the first plate of the capagjtor. 
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17. A delay circuit com prising: 

a fjr^t input transistor having a control element for receiving an Input 
si gnal, and tiaving a current path with a first end connected t o a v o ltage gpurce 
and a second end: 

a sQCQnd input transistor having a control element for receivjnciihe. inp.ut 
si gnal and having a curre nt path with a first end and a second end connected to 
a voltage reference; 

a first bias transistor having a current path with a first end connectedio 
the voltage source, having second end, and having a control element, wherein 
the second end is connected to the control element and to the second end of the 
current path of the first input transistor: 

a resistor havin g a first end connected to the second end of said first bia s 

tran^i s tftf andli a y ia g .aL g econciefld; 

a second bias transistor having a current path from the second e nd of said 

res istor t Q t he voltage reference, and having a cwntcol element connected to the 

second end of said resistor and to the first end of the current path of said second 

i npMt tra n s is to r , 

a capacitor having a first plate and having a second plate connected to the 
voltage reference; 

an out put stage havlng an input connected to the first plate of said 
capacitor an d having an output: 

a programmable delay-control circuit having one or more enable outputs: 

one or more constant-current sources each having a source current path 
between a corresponding enable output of said programmable delay-control 
C ircu i t a nd th ^ fifgt plate of. said capacitor. ..and having a t?ias input connected to 
t he co n trol e le ment of said first bias transist O L^uch that the current flowing in the 
Ml bias transistor is proportionately mirrored in the source current path 

res ponsive t o the corresponding enable output and wherein a constant of 
proportionality may be chosen independently of the constant of proportionality of 
any other constant-curr ent source: and 
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one or more constarrt-current drains each having a drain current oath 
laetween a corresponding enable output of said programmable delav-control 
circuit and the first plate of said-capacitof. ^ a i id - b a Yi D a-a,bias input connected to 
the control element of said second bias transistor such that the current flowing in 
the second bias transistor is proportionately mirrored in the drain current path 
res ponsive to the corresponding enable output and wherein a constant of 
proportionality may be chosen independently of the constant of proportionality of 

gny Other constant-CMrrent drain. 

18.^ A delay. circy it comprising: 

one or more current-mirror current elements each having an enable input. 

an input for r e ceiving an Input sign a l g nd a constant-current output for providing 
a constant current responsive to the input signal; 

a programmable delay control circuit operable tQ„ggoeiatej?ne or more 

enable signals, each enable signal connected to a respective one of the one or 
more current-mirror current elements so as to selectively enable the respective 

current-minro r cur r e nt e l eme p t: 

a fixed capacitor having a first plate and asecQjd plate. the first plate of 
the ca pacitor connected to the constant-current outputs of the one or more 
cunrent-mirror current eiements. the second plate connected to a voltage 
reference, each current-mirror current element having a current path between a 
res pective one of the one or more enable signals and the first Plate of said 
capadtg r: and 

an output stage having an input connected to the first plate of the 

c a pa c i t or and having an output for providing an Qutput signal responsive to the 
voltage on the capacitor 

wherein a delay on an acHve edge of the input signal is adjustable by the 
programmable delay control circuit selectively enabling the one or more enable 
signals to change an ove rall current provided by the one or more current-mirror 
current elements to the first plate of the capacitor. 
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19 A dela y circuit, comprising: 
ffpergy-storaqe element: 

a current circuit co upled to ttie energy-storage element and operable to receive 
an input signal having firs t and second levels, to source a first constant current to ttie 
energy-storage element in response to the input signal having the first level, and to sink 
a second constant current from the eneroy-storaqe element in response to the input 
signal having the second level: and 

an out put circuit coupled to the energy-storage element and operable to generate 
a CfeJayeci signal. 

20 The delay circuit of daim 1 9 wherein the energy-storage element 

comprises a capacitor. 

21 . The dglay circtiit of claim 19. further comprising: 

a control circuit coupled to the current circuit and operable to generate an enable 
signal: and 

wherein the current circuit comprises a current stage operable to source a third 

constant current to the energy-storage element in response to the enable signal an<j in 
r e sp o ns e to the input signal having the first, level, and operable to sinK a fourth constant 

current fro m the energy-storage element in response to the enable signal and in 
re s po n s e t o the input signal having the second level. 

22. The delay circuit of daim 1 9. further comprising: 

a control circuit cou pled to the current drcuit and operable to generate an enable 



wherein the current drcuit comprises a current stage operable to source a third 

constant OMrrent to the fflergyrstorage element in response to the enable signal and in 
response to the input signal having the first level, and operable to sinK a fourth constant 

current from the enerav-storaoe element in response to the enable signal and in 
response to th e input signal having the second level, the third and fourth constant 
currents less than or equal to the first and second constant currents, respectively. 
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23. The delay drcuit of claim 19. further comprising: 

a control circuit cou pled to the current circuit and operable to generate enable 

sigpals; and 

wherein the current circuit comprises current stages each operable to source a 
respective th ird constant current to the eneroy-storaae element in response to a 

igspective on^ of the enable signals and in response to the inp»t signal . having-ttieilrst 
level, and o perable to sink a lespecttve fourth constant current from the energy-storage 
element in response to the respective one of the enable signals and in response to the 
inBMtJ5igDaH]avin9..the.second level. 

2± Ibsjtelay circMit of claim 19. farther comprising: 

a control ciroyft coMpled to the current ciro^it and operable to g e n e rate ena b le 
signals:, an<l 

wherein the oMrrent oirctiit comprises wmnX stages each operable to souroe a 
respective third canslafllourrent to the energy-storage element in response to a 
respective one of the enable, signal s and, in response to the input signal having the first 
level, and operable to sinh a respective fourth constant current from the energy^storage 
element in response „to the respective one of the enabk-slgnals and in response to the 
input signal having the second level, a sum of the respective third constant currents 
being less than or equal to the first constant current and a sum of the respective fourth 
c o n stan t cur rents being less than or equal to the second constant current. 

2& The d e lay cir cuit of claim 19 wherein the fir s t c onst a nt curent equals the 

second constant current, 

2& The delay circuit of claim 19 wherein the first and second levels 

r^pectively comprise a logic higtLand a logic low level. 

ZL The delay circuit of claim 19 wherein the output circuit comprises an 

Inverter having an output node and having an input node coupled to the energy-storage 

element, the inverter operable to generate the delayed signal on the output node. 
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g g „ The delay circuit of claim 1 9 wherein the output circuit CPmoriSfiS : 

^ first ir^veffer having an output node and havinn an input node COUDte d to the 

energy-stpra^p .element; jod 

a second inverter having an output node and havtnq an input norfe CQ MP le ci t o thg 
output node of the first Inverter, the second inverter operable to generatfi the, delat ed 
gignal on the output node of the second inverter. 

23^ A delay Qrcml cpmprfeing: 

a energy-storage elemer^t; 

a c o r^trot c i rstiit operal^ie to generate enable signals: 

a current circuit cou pled to the energy-storage element and to the control circuit 
and operable to receive an input signal having first and second levels, the current circuit 

including cMrrent stages that are eacli ofierable to souroe a respective first constant 

currerit to the energ y-storage element in response to the input signal havtacq i^Jrst 
level and in response to a respective one of the enable signals and operable to sink a 
respective s econd constant current from the er^rgy-storage element in response to the 
input si gnal having the second level and in response to the respective one of the enable 
signals: and 

an output drcuit cou pled to the energy-storage element and op erable tQ_ genemte 
a delaye d s ign al . 

3P. , The delay drcMitolclaim 29 wherein the current circuit comprises: 

a current generator operable to generate a third constant current in response to 

the input signal having the fi rst le v el an d to generate a foMrth constant current in 
response to the input signal having the second level; and 

yyhereln each current stage is operable to mirror the third constant current in 
response to the Inp ut si gnal having the first level and to mirror the fourth constant 
current in res ponse to the input signal having the second level. 

ai The delay circuit of claim 29 wherein the current circuit comprises: 

a current ggn^natoi opsratJle to generate a third constant current; and 
wherein each current stage is Qperat?te to miffor the third-constant current. 
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22^ A mgthQti. comprising; 

delayin g a first edge of an input signal bv charging an e n e rg y-s t o rag e element 
with a first constant current in response to the input signal transitioning from a first level 

tp a second level: anci 

delaying a second edge of the input signal by discharging the energy-storaga 

element with a second constant current in response to the input signal transitioning from 
the second level to the first level. 

2^1 The method of claim 32 wherein the first constant current equalsihe 

second constant current. 

34. The methQd„Qf claim 32. further comprising: 
wherein the energy-storage element comprises a capacitor; 
generating a delayed signal having a third level when a voltage across the 

capacitor i s less tha rt a predetermined level; and 

generating the delayed signal having a fourth level when the voltage across the 
capacitor is g reater than the predetermined level. 

35. The method of daim 32. further comprising; 
wherein the energy-storage element comprises a capacitor; 
gfipfiiating a delayed signal having the first level when a voltage across the 

ca pacitor is less than a predetermined level: and 

ge n e ra t ing t he delayed signal having the s e cond level when the Yoltage-across 
the capacitor is greater than the p redet ermine d , leve l. 



